Resumo

Várias patologias que acometem os seres humanos estão ligadas à deficiência de acesso a água
Introduction
The evaluation of urban environmental quality is a challenging task for those involved in the environmental health field. The formulation of environmental indicators is fundamental to the assessment of environmental quality; thus environmental indicators are crucial to the formulation and implementation of public policies. Studies show that the provision of adequate basic sanitation services (a safe water supply and solid waste, sewage and stormwater management) plays a crucial role in public health 1, 2 and is paramount to improving people's health and quality of life. The consideration of heterogeneity between urban areas through the identification of "intra-urban differentials" is also essential to the assessment process.
A United Nations report 3 highlights increasing urbanization and associated environmental problems in several countries throughout the world. A report recently published in Brazil evaluates compliance with the Millennium Development Goals (MDGs), including target 7 (Ensuring Environmental Sustainability) and goals 10 to 14 which address issues related to basic sanitation. The report highlights: "Another important challenge is to improve the quantity and quality of evaluations of policies and programs and the existing information on housing conditions and sanitation in Brazil, since the sources available from the National Household Sample Survey and Census provide limited information about these issues" 4 . Poor basic sanitation and housing conditions are an environmental risk to human health and overcoming this problem is a major challenge, especially in developing countries that seek to meet the development goals contemplated in the Millennium Declaration 5 .
The formulation of environmental sanitation indicators and the identification of intra-urban differentials are essential to achieving the Millennium Goals. Furthermore, these indicators are extremely useful environmental and epidemiological surveillance tools and an important input to guide resource allocation plans and programs.
Several environmental risk factors may contribute to the occurrence of diseases and disorders in human populations 2, 6 . Pruss-Ustun and Corvalán 2 estimated that around 24% of worldwide illnesses can be traced back to environmental risk factors. The authors observed that 85 out of the 102 major diseases and injuries classified by the World Health Organization (WHO) in a report published in 2004 can be attributed to environmental risk factors. In particular, an estimated 94% of the incidence of diarrhea is attributable to environmental factors.
Epidemiological studies indicate that incidence rates of waterborne diseases such as diarrhea 7 , cholera 8 , hepatitis 9 , intestinal parasites 10 and typhoid fever are highest in urban locations characterized by low or insufficient coverage of basic sanitation services 11, 12 .
The present study is part of a series of studies developed under the Epidemiological Impact Assessment of the Todos os Santos Bay Environmental Sanitation Program (the Bahia Azul Program), a government program that focused on extending the sewer network funded by the InterAmerican Development Bank and implemented by the Bahia State Water and Sanitation Company (EMBASA). The present study comprises a subproject implemented during the Bahia Azul Program monitoring process to evaluate its environmental impact using environmental sanitation variables. One of the goals of the study was to assess intra-urban differentials through the classification of sanitation conditions in specific sewer basins and their respective neighborhoods located in the capital of the State of Bahia, Salvador. The study also carried out a quantitative analysis of the environmental sanitation components using a reduced number of variables and a low cost and simple methodology.
The Bahia Azul Program's limited resources were invested, as a priority, in areas with the poorest sanitation conditions and the environmental and health impacts were monitored by the Program. Results show that the prevalence of diarrhea fell by 21% (95%CI: 18%-25%), from 9.2 days per child-year before the intervention (95%CI: 9.0-9.5), to 7.3 (95%CI: 7.0-7.5) days per child-year after program completion. After adjustment for baseline sewer coverage and potential confounding variables, the overall reduction in prevalence was 22% (95%CI: 19%-26%) 7 .
Although a number of studies have focused on the formulation of indicators of intra-urban differentials 13 , a need for further research to assess intra-urban environmental quality associated with sanitation conditions has been highlighted 13, 14 .
No similar approaches to defining environmental indicators were found in the literature. The environmental indicators described by this study allow intra-urban differentials to be detected with the use of primary data, thus facilitating the assessment of the impacts of sanitation programs in medium-sized cities. This study has the following specific objectives: (a) formulate environmental sanitation indicators; (b) identify the distinguishing variable for each environmental sanitation component; (c) classify sanitation conditions in intra-urban areas; (d) identify priority areas for intervention and resource allocation.
Materials and methods
Located in the Northeastern region of Brazil, Salvador is the capital of the State of Bahia. Its 2.6 million inhabitants are exposed to health problems that are typical of large metropolitan areas. It is likely that the improvement in water supply made in the 1980s and 1990s (by 1997 over 90% of the city's households had access to piped water) had an effect on early childhood diarrhea (children up three years of age); however baseline data for the period before these improvements were made does not exist. A longitudinal study carried out in 1997 showed that the prevalence of childhood diarrhea was 9.2 days per childyear 7 . Before 1997 approximately 26% of households were connected to a safe sewer system, while the remaining population used sanitary alternatives (such as septic tanks) or unsanitary methods (such as discharging their sewage into the street). As a result, a large scale sanitation program called Bahia Azul ("Blue Bay") was initiated in 1997 with the goal of increasing the proportion of the population connected to an adequate sewer system from 26% to 80%.
The original goal of the sanitation project was to control marine pollution largely caused by the discharge of domestic wastewater into the ocean. Around half of the total budget of US$440 million, funded mainly by the Inter-American Development Bank, was earmarked for extending the sewer network in Salvador and ten smaller towns in the State of Bahia. Investments were also made in improvements to water supply and solid waste management and in institutional capacity building. Construction work was executed by 140 different construction companies and the largest contract amounted to 20% of the total budget. In Salvador, the construction works were carried out over a period of eight years (between 1996 and 2004) and consisted of more than 2,000km of sewer pipes and 86 pumping stations, and the connection of more than 300,000 households to the sewer network. Heavy engineering work, such as laying sewer pipes and building pumping stations, was undertaken during the initial phase of the project. Since household connections were made during a later phase, very few connections to the sewer system were made before the end of the first cohort study.
An evaluation study consisting of two longitudinal studies 7 was conducted to assess the epidemiological impact of the program. Study and design and sampling have been described in detail by other authors 7, 15, 16 
Description of the environmental sanitation components and study variables
The environmental assessment of basic sanitation components in the study areas was carried out between August 2000 and January 2001. The unit of analysis was the "street section" where the children enrolled in the epidemiological study lived, which consisted of a 100m long street section in front of the children's homes. A total of 973 street sections were visited. Information on infrastructure, the sanitation system, land use and building typology was collected for each street section 15 . Data collection methods and the procedures followed to ensure quality of fieldwork are described in detail by Rego et al. 15 .
This study uses data from the Epidemiological Impact Assessment of the Bahia Azul Program (PAIE-BA) collected in 2000 by ISC/UFBA. The database contains information on environmental sanitation components by street section in eight sewerage basins and 23 neighborhoods.
The street sections were identified and grouped according to their sanitation components (water supply, sewer system, urban drainage, road pavement, public cleaning services and building typology). The environmental sanitation components and the respective variables and categories are described in Table 1 . The categories include a reference category (RC) defined by the researchers as the most desirable condition for each variable.
Statistical technique
Cluster analysis was used to analyze data. This technique is commonly used to group similar elements or entities according to a set of variables using a matrix of n cases or elements (matrix rows) and p variables (matrix columns) that represent the characteristics of the elements chosen
Cad. Saúde Pública, Rio de Janeiro, 29(6):1173-1185, jun, 2013 Table 1 Environmental sanitation components and variables assessed in the street sections. Salvador, Bahia State, Brazil, 2000.
Components Variables Categories
Water supply Type of supply Partially public network (presence of water well and/or gato * and/or public tap)
Exclusively public network ( * Gato is a popular term meaning an illegal unpaid connection to the water supply service.
to measure level of similarity. Level of similarity is based on the distance between the elements; if the distance between two elements is zero they are considered identical and belong to the same category. A commonly used measure of similarity is the Euclidean distance 17 . This measure was used by this study to determine the distance between pairs of street sections for six environmental sanitation components, each with a specific number of variables. For example, for a component made up of three binary variables X 1 , X 2 and X 3, , the average Euclidian distance between the street sections A and B is calculated using the following equation:
where p is the number of variables (p = 3 in this case) and d (A,B) is a real number. The distance between pairs of elements is usually expressed as an n x n symmetric matrix. When a variable has more than two categories the usual procedure is to transform these variables into binary variables by creating fictitious variables 17 . Thus, three binary variables are needed to represent a variable with three categories.
The average linkage method was used to group the distances between street sections. The results of the cluster analysis are generally represented in a tree-like diagram called a dendrogram. Genuine cluster groups are identified by "cutting" the dendrogram at a certain level subjectively chosen by visual examination 17 .
Data analysis
Initially, a descriptive and exploratory analysis of the dataset was performed for each variable shown in Table 1 . Cluster analysis was used to group and classify the sewer basins and neighborhoods. Indicators were formulated by completing the following steps during analysis: (1) transformation of variables; (2) clustering of street sections; (3) identification of the distinguishing variable for each component; (4) classification of sanitation conditions in the sewer basins and neighborhoods by component; and (5) general classification of sanitation conditions in the sewer basins and neighborhoods.
In step one, the variables that had more than two categories were transformed into binary variables. For example, the variable frequency of service has three categories (three to four times a week, everyday, and 24 hours a day). Each category was converted into a binary variable in which the value one (1) means that the characteristic is present and the value zero (0) means that the characteristic is absent 17 . For example, let X 3 , X 4 and X 5 represent three to four times a week, everyday and 24 hours a day, respectively. In the case that the frequency of water supply in street A is 24 hours a day, X 3 = 0, X 4 = 0, X 5 = 1.
In step two, cluster analysis was used to group the 973 street sections according to each environmental sanitation component by neighborhood and basin. For instance, the variables type of supply (X 1 ), general condition of the network (X 2 ), and frequency of service, the latter men-tioned above and reclassified into three binary variables (X 3 , X 4 and X 5 ), were used to group the 973 street sections according to the water supply component. Equation 1 was used to calculate the distances between pairs of street sections considering the five variables X 1 , X 2 , X 3 , X 4 and X 5 (p = 5) and the average linkage method was used to group these distances into three categories (1, 2 and 3) . The SPSS version 13.0 software was used for statistical analysis (SPSS Inc., Chicago, USA).
In step three, each resulting cluster (1, 2 and 3) was identified according to its main characteristic based on a descriptive analysis of each environmental sanitation component. Comparing the characteristics of the clusters (1, 2 and 3) it was possible to note that the main difference was attributed to a single variable in each component. This variable was therefore considered the distinguishing variable for each component.
In step four a classification of neighborhoods and basins by component was produced based on the distinguished variable defined in step three. To this end, the reference cathegories shown in Table 1 were used. The sewer basins and neighborhoods were classified based on the percentage of street sections with the given characteristic as follows: 0 to 33.3% = poor; 33.4 to 66.6% = regular; 66.7 to 100% = good.
These classification criteria were employed since they were considered to be the most objective, coherent and accessible.
In step 5, an overall classification of sanitation conditions in the sewer basins and neighborhoods was carried out based on the average percentage of all sanitation components as follows: 0 to 33.3% = poor; 33.4 to 66.6% = regular; 66.7 to 100% = good. Table 2 shows the results of the cluster analysis carried out in step 2 for the water supply component. It can be observed that in the Armação and Paripe Basins 73 (78.5%) and 5 (4%) of the street sections, respectively, were classified as cluster 2, showing heterogeneity between sewer basins. Table 3 shows the main characteristics of the environmental sanitation components for each cluster. With respect to water supply, 92.1% of street sections (n= 429) in cluster 1 benefited from an exclusively public network, in 72.7% of sections the network had no problems and were in apparently good condition, and in 100% of sections the frequency of the service was every day. In cluster 2, 95.5% of street sections (n = 330) benefited from an exclusively public network, in 81.2% of sections the network had no problems and was in apparently in good condition, and in 100% of sections the frequency of service was 24 hours a day. Finally, in cluster 3, 79.9% of street sections (n = 214) benefited from an exclusively public network, in 64% of sections the network had no problems and was in apparently good condition, and in 100% of sections the frequency of service was three to four times a week. A comparison of the characteristics of the clusters shows that the main difference was due to the variable frequency of service. It can therefore be concluded that frequency of service is the key variable that explains the difference between clusters for the water supply component. In other words, the variable frequency of service is the key variable that discriminates between clusters.
Results
The sewer basins and neighborhoods were classified as poor, regular and good based on the percentage of street sections receiving water 24 hours a day (reference category); thus, the street sections in each cluster were labeled as follows: cluster 1 = "water every day"; cluster 2 = "water 24 hours a day"; and cluster 3 = "water three to four times a week". Table 3 summarizes the results of the cluster analysis for all components, from which it is possible to identify the distinguishing variable for each component and main characteristic. With regard to water supply, frequency of service stood out in the statistical analysis as the key variable and the reference category was a 24-hour a day water supply. Table 4 presents the results of the classification of the sewer basins and neighborhoods in Salvador using the steps described above. It can be observed that the best ranked sewer basin was the Armação Basin, where 71% of street sections were classified as having good services. Service provision was classified as regular in the Médio Camurujipe, Lobato and Calafate sewer basins, where 34.7 to 43.2% of street sections were classified as having good services. In the Mangabeira, Cobre, Periperi and Paripe sewer basins service provision was classified as poor with around only 27% of street sections being classified as having good services.
With respect to individual neighborhoods, Table 4 shows that service provision was classified as good in areas 571 and 575 since 71% of street sections had good services. In areas 322, 327, 330, 208, 204, 263, 323 and 961 service provision was considered regular, whereas areas 118, 205, 672, 677, 678, 191, 962, 1011, 1025, 1026, 1054, 1057 and 1072 were classified as poor. Table 4 allows the comparison of sewer basins and neighborhoods by component. In the Table 2 Classifi cation of basins and neighborhoods according to the results of the cluster analysis for the water supply component.
Neighborhoods/Basins
Water Armação Basin, for example, the classification of neighborhoods by water supply is variable; service provision in neighborhood 571 is classified as good (water supply is 24-hour a day in 84.6% of street sections ), while in neighborhood 575 it is (continues) considered regular (water supply is 24-hour a day in only 46.7% of street sections).
It is interesting to note that the worst results in terms of percentages were obtained for the paving and housing typology components, while for interventions and allocation of resources. It is important to emphasize that this is a low cost and simple methodology and is therefore a key decision-making support for politicians and environmental health managers. Furthermore, based on the results of this study, it is possible to infer that if more resources had been invested in all environmental sanitation components in those sewer basins with the worst indicators (Mangabeira, Cobre, Periperi and Paripe) it is likely that the diarrhea prevalence rate observed by Barreto et al. 7 would have been lower. The results show that all components in these basins were classified as poor, except urban cleaning which was considered regular.
Cluster analysis also allowed us to identify the variable that best distinguished between the environmental sanitation components, thus helping to reduce the number of variables in the study and indicate the key variable for each component.
the best results were obtained for urban cleaning. This example shows the utility of the methodology used by this study for prioritizing government investment in sanitation.
Discussion and conclusion
Through the use of cluster analysis it was possible to formulate environmental sanitation indicators, classify sanitation conditions in specific sewer basins and their respective neighborhoods, and detect intra-urban differentials in sanitation conditions. This method is particularly useful for assessing the impact of sanitation programs in medium-sized cities such as the Bahia Azul Program 7, 10 . Furthermore, this method allows the comparison of sanitation conditions in sewer basins and neighborhoods in different moments in time. By using environmental sanitation indicators it was possible to identify priority areas This methodology also allowed us to create an indicator for each environmental sanitation component and rank sewer basins and neighborhoods according to sanitation conditions.
As mentioned in the material and methods section above, a separate environmental impact assessment was conducted as part of the Epidemiological Impact Assessment of the Todos os Santos Bay Environmental Sanitation Program. This assessment was divided in three stages. The results of the first stage between September 1997 and February 1998 were published by Milroy et al. 18 . Using the same data collection methods in the same neighborhoods covered by the present study, the authors used principal component analysis followed by cluster analysis to identify the following sanitation condition categories: high, intermediate, poor and very poor.
A comparison of the results of Milroy's study (first stage) 18 with those of the present study (second stage) shows that little change occurred in the classification of the sanitation conditions of these neighborhoods. The only change observed was in neighborhood 961, which was classified as poor in the first stage and as regular in the second stage. The improvements observed in this neighborhood were due to a high rating for the components "urban cleaning service" and "building typology" (Table 4) . No change in the sanitation conditions of these neighborhoods was observed even after using other statistical methods. This is probably due to the fact that the Sanitation Program was in the initial phase of implementation at that time.
The environmental sanitation indicators formulated by this study can help managers to detect situations of environmental risk, monitor changes in the environment, identify potential health hazards and assess the impact of public policy interventions on environmental sanitation conditions.
The factors that influence environmental sanitation conditions are dynamic and therefore subject to constant change. The data collected by cross-sectional studies represents only one moment in time and therefore provides limited knowledge of a given reality. This method is therefore appropriate for assessing the impact of public policies and interventions on environmental sanitation conditions provided that further cross-sectional studies using the same methodology are conducted in the same areas in different windows of time.
The study data was analyzed using cluster analysis and Euclidian distance to measure the level of similarity. It is important to note that other types of distance may be used to measure the level of similarity, such as the simple correlation coefficient and Sokal distance, and it is recommended that future studies consider such approaches. Nevertheless, this study is an important step towards providing an effective classification of sanitation conditions in urban areas to guide resource allocation planning in developing countries. All researchers contributed to data interpretation and drafting of the manuscript. All researchers had access to all study data and jointly agreed to submit this article for publication.
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